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LEADLESS CARDIAC PACEMAKER WITH
INTEGRAL BATTERY AND REDUNDANT WELDS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.

61/555,988, filed November 4, 201 1, titled "Leadless Cardiac Pacemaker with Integral Battery

and Redundant Welds", which application is incorporated herein by reference in its entirety.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned in this specification are herein

incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD

[0003] The present disclosure relates to leadless cardiac pacemakers, and more particularly,

to features and methods for welding and sealing the battery compartment to miniaturize the

leadless pacemaker.

BACKGROUND

[0004] Cardiac pacing by an artificial pacemaker provides an electrical stimulation of the heart

when its own natural pacemaker and/or conduction system fails to provide synchronized atrial

and ventricular contractions at rates and intervals sufficient for a patient's health. Such

antibradycardial pacing provides relief from symptoms and even life support for hundreds of

thousands of patients. Cardiac pacing may also provide electrical overdrive stimulation to

suppress or convert tachyarrhythmias, again supplying relief from symptoms and preventing or

terminating arrhythmias that could lead to sudden cardiac death.

[0005] Cardiac pacing by currently available or conventional pacemakers is usually performed

by a pulse generator implanted subcutaneously or sub-muscularly in or near a patient's pectoral

region. Pulse generator parameters are usually interrogated and modified by a programming

device outside the body, via a loosely-coupled transformer with one inductance within the body

and another outside, or via electromagnetic radiation with one antenna within the body and

another outside. The generator usually connects to the proximal end of one or more implanted

leads, the distal end of which contains one or more electrodes for positioning adjacent to the

inside or outside wall of a cardiac chamber. The leads have an insulated electrical conductor or



conductors for connecting the pulse generator to electrodes in the heart. Such electrode leads

typically have lengths of 50 to 70 centimeters.

[0006] Although more than one hundred thousand conventional cardiac pacing systems are

implanted annually, various well-known difficulties exist, of which a few will be cited. For

example, a pulse generator, when located subcutaneously, presents a bulge in the skin that

patients can find unsightly, unpleasant, or irritating, and which patients can subconsciously or

obsessively manipulate or "twiddle". Even without persistent manipulation, subcutaneous pulse

generators can exhibit erosion, extrusion, infection, and disconnection, insulation damage, or

conductor breakage at the wire leads. Although sub-muscular or abdominal placement can

address some concerns, such placement involves a more difficult surgical procedure for

implantation and adjustment, which can prolong patient recovery.

[0007] A conventional pulse generator, whether pectoral or abdominal, has an interface for

connection to and disconnection from the electrode leads that carry signals to and from the heart.

Usually at least one male connector molding has at least one terminal pin at the proximal end of

the electrode lead. The male connector mates with a corresponding female connector molding

and terminal block within the connector molding at the pulse generator. Usually a setscrew is

threaded in at least one terminal block per electrode lead to secure the connection electrically and

mechanically. One or more O-rings usually are also supplied to help maintain electrical isolation

between the connector moldings. A setscrew cap or slotted cover is typically included to provide

electrical insulation of the setscrew. This briefly described complex connection between

connectors and leads provides multiple opportunities for malfunction.

[0008] Other problematic aspects of conventional pacemakers relate to the separately

implanted pulse generator and the pacing leads. By way of another example, the pacing leads, in

particular, can become a site of infection and morbidity. Many of the issues associated with

conventional pacemakers are resolved by the development of a self-contained and self-

sustainable pacemaker, or so-called leadless pacemaker, as described in the related applications

cited above.

[0009] Self-contained or leadless pacemakers or other biostimulators are typically fixed to an

intracardial implant site by an actively engaging mechanism such as a screw or helical member

that screws into the myocardium.

[00010] Prior leadless pacemakers typically include a sealed battery compartment which is

then placed inside another hermetically sealed container. Sealing the battery compartment in a

separate housing protects the patient from harm in the event that the battery compartment leaks,

but increases the total size of the pacemaker by requiring a separate hermetic housing.



SUMMARY OF THE DISCLOSURE

[00011] A leadless cardiac pacemaker is provided, comprising a battery disposed in a battery

housing, the battery housing configured to operate as an electrode, a set of electronics disposed

in an electronics housing, the set of electronics being electrically coupled to the battery and

configured to control operation of the electrode, a first set of welds configured to hermetically

seal the battery from the set of electronics, a second set of welds configured to hermetically seal

the set of electronics and the battery from an exterior of the leadless cardiac pacemaker, and a

fixation device configured to attach the leadless cardiac pacemaker to human tissue.

[00012] In some embodiments, the first and second sets of welds provide dual-weld

redundancy.

[00013] In one embodiment, the battery housing is not surrounded by or enclosed in a separate

housing.

[00014] In another embodiment, an external surface of the battery housing is also an external

surface of the pacemaker.

[00015] In one embodiment, the first set of welds is disposed on an interior of the pacemaker

and the second set of welds is disposed on the exterior of the pacemaker.

[00016] In another embodiment, the battery housing and electronics housing combine to form

a cylindrical housing of the pacemaker.

[00017] In some embodiments, the battery housing further comprises a cylindrical housing

and a lid welded to a distal portion of the battery housing with the first set of welds to

hermetically seal the battery housing.

[00018] In one embodiment, the battery housing further comprises a cylindrical housing and a

first lid welded to a distal portion of the battery housing with the first set of welds to

hermetically seal the distal portion of the battery housing, and a second lid welded to a proximal

portion of the battery housing with a third set of welds to hermetically seal the proximal portion

of the battery housing.

[00019] In some embodiments, the device further comprises a cap surrounding the second lid

and welded to the battery housing with a fourth set of welds to provide dual-weld redundancy for

the proximal end of the housing.

[00020] In one embodiment, the battery housing further comprises a lip positioned near a

distal end of the battery housing, the lip extending inwards and then distally from an external

surface of the battery housing. In another embodiment, the battery housing further comprises an

indentation positioned near a distal end of the battery housing, the indentation extending inwards

from an external surface of the battery housing.



[00021] In one embodiment, the battery housing further comprises a first lip positioned near a

distal end of the battery housing and a second lip positioned near a proximal end of the batter

housing, the first lip extending inwards and distally from an external surface of the battery

housing and the second lip extending inwards and proximally from the external surface of the

housing.

[00022] In another embodiment, the battery housing further comprises a first indentation

positioned near a distal end of the battery housing and a second indentation positioned near a

proximal end of the battery housing, the first and second indentations extending inwards from an

external surface of the housing.

[00023] In some embodiments, the first and second sets of welds are laser bead welds. In

another embodiment, the first and second sets of welds are deep-penetration seam welds. In

some embodiments, the first set of welds are deep-penetration seam welds and the second set of

welds are laser bead welds.

[00024] An implantable medical device is provided, comprising a battery disposed in a battery

housing, the battery housing comprising an external surface of the implantable medical device, a

set of electronics disposed in an electronics housing and electrically coupled to the battery, the

set of electronics configured to control operation of the implantable medical device, a first set of

welds configured to hermetically seal the battery from the set of electronics, and a second set of

welds configured to hermetically seal the set of electronics and the battery from an exterior of the

implantable medical device.

[00025] In some embodiments, the first and second sets of welds provide dual-weld

redundancy.

[00026] In one embodiment, the battery housing is not surrounded by or enclosed in a separate

housing.

[00027] In another embodiment, an external surface of the battery housing is also an external

surface of the pacemaker.

[00028] In one embodiment, the first set of welds is disposed on an interior of the pacemaker

and the second set of welds is disposed on the exterior of the pacemaker.

[00029] In another embodiment, the battery housing and electronics housing combine to form

a cylindrical housing of the pacemaker.

[00030] In some embodiments, the battery housing further comprises a cylindrical housing

and a lid welded to a distal portion of the battery housing with the first set of welds to

hermetically seal the battery housing.

[00031] In one embodiment, the battery housing further comprises a cylindrical housing and a

first lid welded to a distal portion of the battery housing with the first set of welds to



hermetically seal the distal portion of the battery housing, and a second lid welded to a proximal

portion of the battery housing with a third set of welds to hermetically seal the proximal portion

of the battery housing.

[00032] In some embodiments, the device further comprises a cap surrounding the second lid

and welded to the battery housing with a fourth set of welds to provide dual-weld redundancy for

the proximal end of the housing.

[00033] In one embodiment, the battery housing further comprises a lip positioned near a

distal end of the battery housing, the lip extending inwards and then distally from an external

surface of the battery housing. In another embodiment, the battery housing further comprises an

indentation positioned near a distal end of the battery housing, the indentation extending inwards

from an external surface of the battery housing.

[00034] In one embodiment, the battery housing further comprises a first lip positioned near a

distal end of the battery housing and a second lip positioned near a proximal end of the batter

housing, the first lip extending inwards and distally from an external surface of the battery

housing and the second lip extending inwards and proximally from the external surface of the

housing.

[00035] In another embodiment, the battery housing further comprises a first indentation

positioned near a distal end of the battery housing and a second indentation positioned near a

proximal end of the battery housing, the first and second indentations extending inwards from an

external surface of the housing.

[00036] In some embodiments, the first and second sets of welds are laser bead welds. In

another embodiment, the first and second sets of welds are deep-penetration seam welds. In

some embodiments, the first set of welds are deep-penetration seam welds and the second set of

welds are laser bead welds.

BRIEF DESCRIPTION OF THE DRAWINGS

[00037] The novel features of the invention are set forth with particularity in the claims that

follow. A better understanding of the features and advantages of the present invention will be

obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which the principles of the invention are utilized, and the accompanying

drawings of which:

[00038] Figs. 1A-1C illustrate one embodiment of an implantable medical device with dual-

redundant welds.

[00039] Figs. 2A-2C illustrate another embodiment of an implantable medical device with

dual-redundant welds.



[00040] Figs. 3A-3E illustrate yet another embodiment of an implantable medical device with

dual-redundant welds.

[00041] Figs. 4A-4C illustrate one embodiment of an implantable medical device with dual-

redundant welds.

[00042] Figs. 5A-5C illustrate yet another embodiment of an implantable medical device with

dual-redundant welds.

[00043] Figs. 6A-6B illustrate one embodiment of an implantable medical device with dual-

redundant welds.

[00044] Figs. 7A-7B illustrate yet another embodiment of an implantable medical device with

dual-redundant welds.

DETAILED DESCRIPTION OF THE INVENTION

[00045] Implantable leadless cardiac pacemakers or leadless biostimulators typically include a

hermetic housing to contain all the necessary electrical components and to prevent any hazardous

materials, such as battery electrolyte, from harming a patient in the event of a leak in the housing

and/or battery. The hermetic housing can be used to encapsulate both the power source (e.g.,

battery) as well as the electronics compartment responsible for pacing/sensing of the pacemaker.

However, the addition of a hermetic housing increases the size of a leadless biostimulator,

making the biostimulator more difficult to implant and more invasive to the patient.

[00046] Figs. A-1C shows a leadless cardiac pacemaker or leadless biostimulator 100. The

biostimulator includes a hermetic battery 102, electronics compartment 104, header assembly

106, and fixation device 108. The fixation device 108 can be a fixation helix or other flexible or

rigid structure suitable for attaching a distal portion of the housing to tissue, such as to heart

tissue. In Fig. 1A, a first electrode can be disposed on or integrated within the fixation device

108, and a second electrode can be disposed on the cylindrical wall or can 112 of battery 102, or

on electronics compartment 104. Although the specification and drawings herein refer to the can

being of a cylindrical shape, it should be understood that in other embodiments, the can or walls

of the device can be any other three-dimensional shape, such as a cube, a cuboid, a pyramid, a

cone, a hemisphere, and octahedron, etc. In some embodiments, the first electrode may be

independent from the fixation device in various forms and sizes. Further details on the

components and function of a leadless biostimulator are found in co-pending US applications

12/568,513 and 1/549,581, which are both incorporated herein by reference.

[00047] Standard active implantable devices, such as pacemakers, defibrillators,

neurostimulators, cochlear implants, etc, typically have a hermetic battery that is fully contained



within another hermetic enclosure. This can be described as a wall-within-a-wall construction,

i.e., there are two walls and two welds separating the internal battery electrolyte from the outer

patient body fluid. In this situation, two welds must fail in order for the patient to be exposed to

battery electrolyte. The enclosures described herein do not comprise this wall-within-a-wall

construction. Biostimulator 100 does not include a separate hermetically sealed housing to

contain the hermetic battery 102 and electronics compartment 104. Rather, the cylindrical walls

112 and 114 (also referred to herein as "cans") of battery 02 and electronics compartment 104,

respectively, make up the outer surface of the biostimulator. Thus, the battery 102 and

electronics compartment 104 are not disposed within a separate hermetic housing, so the walls

112 and 114 of the battery and electronics compartment also comprise the outermost surface of

the pacemaker.

[00048] In some embodiments, lid 116 hermetically separates the battery 102 from the

electronics compartment 104. The battery can be coupled to the electronics within the

electronics compartment through the battery's hermetic feedthrough 110A, and the electronics

can be coupled to the header assembly through the hermetic feedthrough HOB. Constructing the

biostimulator 100 without requiring an additional hermetic enclosure to fully enclose the battery

and electronics compartment allows the biostimulator to be smaller and lighter than a

conventional leadless biostimulator. The resulting biostimulator can then be smaller, thinner,

lighter, and less invasive when implanted.

[00049] During construction of the biostimulator 100, the various walls/compartments of the

biostimulator must be hermetically joined together. Since the walls of the biostimulator are

typically made from a conductive, biocompatible, inert, and anodically safe material such as

titanium, 316L stainless steel, or other similar materials, welding is an effective technique for

joining and sealing the biostimulator. Figs. 1B-1C show two techniques for welding the

cylindrical walls 112 and 114 together with lid 116. In Fig. IB, weld bead 101A joins walls 112

to 116, and subsequently weld bead 10 IB joins 1 2 to 14. In some embodiments, the thickness

of wall 112 can be slightly more than the thickness of wall 114 to aid in aligning the cylindrical

walls during manufacture. The weld beads can be formed via a laser into a hermetic seam weld,

as known in the art. Similarly, in Fig. 1C, a deep-penetration seam weld 103A can be used to

join wall 112 to lid 116.

[00050] Referring back to Fig. 1A, the proximal portion 118 of the biostimulator 100 can

comprise the end of a deep drawn cylinder or machined cylinder so as not to require additional

welds at that end. However, any of the welding techniques discussed herein can be used at the

proximal portion of the biostimulator if a deep drawn cylinder is not used. A docking assembly

126 may be attached to the proximal portion 1 8 of the biostimulator.



[00051] Figs. 2A-2C illustrate an alternative embodiment of a biostimulator 200 that provides

a dual-weld redundancy. Constructing a biostimulator with dual or redundant welds increases

the safety of the device within a patient since more than one weld must fail for the patient to be

exposed to toxic or harmful components contained within the hermetic battery. The

biostimulator 200 can include many of the features described above in Figs. 1A-1C, including

battery 202, electronics compartment 204, header assembly 206, fixation device 208,

feedthroughs 2 1OA and 2 10B, cylindrical walls 212 and 214, and lid 216.

[00052] In Figs. 2A-2C, the walls 212 of the battery 202 can include a lip 220 at the distal

(Fig. 2B) and/or proximal (Fig. 2C) portions of the battery. Referring to Fig. 2B, lid 216 can be

welded to walls 2 12 at the inner portion of lip 220 with welds 20 l a to separate the battery 202

from the electronics compartment 204. Similarly, walls 212 and 214 can be welded together at

the outer portion of lip 220 with welds 201b. The proximal portion of the battery may be sealed

in a similar manner to the distal portion. In Fig. 2C, lid 222 and walls 212 can be welded

together at the inner portion of lip 220 with welds 201c. Similarly, walls 212 and proximal cap

224 can be welded together at the outer portion of lip 220 with welds 201d. Welding the

biostimulator in this fashion ensures dual-weld redundancy, requiring failure of the 201a and

201b welds for electrolyte from battery 202 to reach a patient at the distal portion of the battery,

or failure of the 201c and 20 Id welds for electrolyte from battery 202 to reach a patient at the

proximal portion of the battery.

[00053] The proximal portion 218 of biostimulator 200, as shown in Figs. 2A and 2C,

includes a proximal cap 224 and docking assembly 226. The docking assembly can be

configured to engage or be grabbed by a delivery and/or retrieval catheter system for delivery

and extraction of the biostimulator to and from tissue. In other embodiments, as described

above, the proximal portion 218 of the biostimulator may be formed from a deep drawn

enclosure, thus eliminating the need for a lid 222 and proximal cap 224.

[00054] In Figs. 3A-3C, the walls 312 of the battery 302 can include an indentation 328 at the

distal (Fig. 3B) and/or proximal (Fig. 3C) portions of the battery. In some embodiments, the

proximal portion of the battery can alternatively be constructed from a deep drawn enclosure.

Referring to Fig. 3B, lid 316 can be welded to cylindrical walls 312 at the inner portion of

indentation 328 with welds 301a to separate the battery 302 from the electronics compartment

304. Similarly, walls 312 and 314 can be welded together at the outer portion of indentation 328

with welds 301b. The proximal portion of the battery may be sealed in a similar manner to the

distal portion. In Fig. 3C, lid 322 and walls 312 can be welded together at the inner portion of

indentation 328 with welds 301c. Similarly, walls 312 and proximal cap 324 can be welded

together at the outer portion of indentation 328 with welds 301d. Welding the biostimulator in



this fashion creates a dual-weld redundancy, which would require failure of the 301a and 301b

welds for electrolyte from battery 302 to reach a patient at the distal portion of the battery, or

failure of the 301c and 301d welds for electrolyte from battery 302 to reach a patient at the

proximal portion of the battery.

[00055] Figs. 3D-3E illustrate an alternate embodiment of the biostimulator 300 shown in

Figs. 3A-3C. In Figs. 3D-3E, the proximal cap 324 is only big enough to enclose the lid 322,

instead of being welded to the outer portion of indentation 328 as in Figs. 3A-3C. The proximal

cap therefore has a diameter less than the total diameter of walls 312. This provides for a smaller

and more compact proximal end cap while still retaining the features of a dual-weld redundancy.

[00056] Figs. 4A-4C illustrate another embodiment of a biostimulator 400 with a dual-weld

failure mode. In Fig. 4A, lid 416 is recessed a distance d from the end of walls 412 into the

battery compartment. Lid 416 can be recessed inside walls 412 at a distance d and welded in

place with weld 401a to separate the battery 402 from the electronics compartment 404. The

proximal portion of the battery may be sealed in a similar manner to the distal portion. Lid 422

can be recessed inside at a distance d to the inner portion of walls 412 and welded in place with

weld 401c. Proximal cap 424 can then be welded to walls 412 with welds 40 d to provide a

redundant weld. In some embodiments, lid 422 and proximal cap 424 are not used, but rather,

walls 412 are formed from a deep drawn enclosure.

[00057] Figs. 5A-5C illustrate another embodiment of a biostimulator 500 with a dual-weld

failure mode. Biostimulator 500 is similar to the biostimulator 400 of Figs. 4A-4C in that lids

516, 530, 522, and proximal cap 524 are recessed and welded within the cylindrical walls to

form the battery 502 and electronics compartment 504. However, in contrast to biostimulator

400 of Figs. 4A-4C, which included two sets of cylindrical walls or cans 412 and 414, the

biostimulator 500 of Figs. 5A-5C comprises a single cylindrical wall 512 to form both the

battery and electrical compartments. The battery and electrical compartments are contained by

lids 530, 516, 522, and proximal cap 524. In other embodiments, proximal cap 524 and lid 522

may not be necessary if the can 5 2 is a deep drawn enclosure, as described above.

[00058] In Fig. 5A, lid 516 is recessed a distance d from the end of cylindrical walls 512 into

the battery compartment. Lid 516 can be recessed inside walls 512 and welded in place with

welds 501a to separate the battery 502 from the electronics compartment 504. Lid 530 can also

be recessed inside walls 512 and welded in place with welds 501b to provide a redundant weld.

A feedthrough 5 1OA can pass through lid 516 to couple the battery 502 to the electronics

compartment 504, and feedthrough 5 10B can couple the electronics to the header assembly, as

described above. The proximal portion of the battery may be sealed in a similar manner to the

distal portion. Lid 522 can be recessed inside cylindrical walls 512 and welded together with



welds 501c. Proximal cap 524 can then be welded to walls 512 with welds 501d to provide a

redundant weld. In some embodiments, lid 522 and proximal cap 524 are not used, but rather,

cylindrical walls or can 512 are formed from a deep drawn enclosure.

[00059] Figs. 6A-6B illustrate another embodiment of a biostimulator 600, which is a

variation of biostimulator 300 illustrated above in Figs. 3A-3C. In Figs. 6A-6B, lid 616 and

feedthrough 6 1OA can be inserted from the bottom (or proximal end of the biostimulator) and

welded to the proximal facing surface of cylindrical walls 612 with weld 601a. Dual weld

redundancy may be achieved by welding walls 614 to walls 612 with weld 601b. This is in

contrast to biostimulator 300 in which the lid is mounted flush against the inner portion of

cylindrical walls.

[00060] In another embodiment, shown in Figs. 7A-7B, a similar concept is used except lid

716 contacts both the inner surface of cylindrical walls 712 at welds 701 as well as the proximal

surface of the cylindrical walls. In this embodiment, the lid is thicker and is shaped with a flange

to seat in the opening created in 712. This flange will provide self-centering as well as provide a

backstop against weld penetration into the battery.

[00061] As for additional details pertinent to the present invention, materials and

manufacturing techniques may be employed as within the level of those with skill in the relevant

art. The same may hold true with respect to method-based aspects of the invention in terms of

additional acts commonly or logically employed. Also, it is contemplated that any optional

feature of the inventive variations described may be set forth and claimed independently, or in

combination with any one or more of the features described herein. Likewise, reference to a

singular item, includes the possibility that there are plural of the same items present. More

specifically, as used herein and in the appended claims, the singular forms "a," "and," "said," and

"the" include plural referents unless the context clearly dictates otherwise. It is further noted that

the claims may be drafted to exclude any optional element. As such, this statement is intended to

serve as antecedent basis for use of such exclusive terminology as "solely," "only" and the like in

connection with the recitation of claim elements, or use of a "negative" limitation. Unless

defined otherwise herein, all technical and scientific terms used herein have the same meaning as

commonly understood by one of ordinary skill in the art to which this invention belongs. The

breadth of the present invention is not to be limited by the subject specification, but rather only

by the plain meaning of the claim terms employed.



CLAIMS

What is claimed is:

1. A leadless cardiac pacemaker, comprising:

a battery disposed in a battery housing, the battery housing configured to operate as an

electrode;

a set of electronics disposed in an electronics housing, the set of electronics being

electrically coupled to the battery and configured to control operation of the electrode;

a first set of welds configured to hermetically seal the battery from the set of electronics;

a second set of welds configured to hermetically seal the set of electronics and the battery

from an exterior of the leadless cardiac pacemaker; and

a fixation device configured to attach the leadless cardiac pacemaker to human tissue.

2. The pacemaker of claim 1 wherein the first and second sets of welds provide

dual-weld redundancy.

3. The pacemaker of claim 1 wherein the battery housing is not surrounded by or

enclosed in a separate housing.

4. The pacemaker of claim 1 wherein an external surface of the battery housing is

also an external surface of the pacemaker.

5. The pacemaker of claim 1 wherein the first set of welds is disposed on an interior

of the pacemaker and the second set of welds is disposed on the exterior of the pacemaker.

6. The pacemaker of claim 1 wherein the battery housing and electronics housing

combine to form a cylindrical housing of the pacemaker.

7. The pacemaker of claim 1, wherein the battery housing further comprises a

cylindrical housing and a lid welded to a distal portion of the battery housing with the first set of

welds to hermetically seal the battery housing.

8. The pacemaker of claim 1, wherein the battery housing further comprises a

cylindrical housing and a first lid welded to a distal portion of the battery housing with the first

set of welds to hermetically seal the distal portion of the battery housing, and a second lid



welded to a proximal portion of the battery housing with a third set of welds to hermetically seal

the proximal portion of the battery housing.

9. The pacemaker of claim 8 further comprising a cap surrounding the second lid

and welded to the battery housing with a fourth set of welds to provide dual-weld redundancy for

the proximal end of the housing.

10. The pacemaker of claim 1, the battery housing further comprising a lip positioned

near a distal end of the battery housing, the lip extending inwards and then distally from an

external surface of the battery housing.

11. The pacemaker of claim 1, the battery housing further comprising an indentation

positioned near a distal end of the battery housing, the indentation extending inwards from an

external surface of the battery housing.

1 . The pacemaker of claim 1, the battery housing further comprising a first lip

positioned near a distal end of the battery housing and a second lip positioned near a proximal

end of the batter housing, the first lip extending inwards and distally from an external surface of

the battery housing and the second lip extending inwards and proximally from the external

surface of the housing.

13. The pacemaker of claim 1, the battery housing further comprising a first

indentation positioned near a distal end of the battery housing and a second indentation

positioned near a proximal end of the battery housing, the first and second indentations

extending inwards from an external surface of the housing.

14. The pacemaker of claim 1 wherein the first and second sets of welds are laser

bead welds.

15. The pacemaker of claim 1 wherein the first and second sets of welds are deep-

penetration seam welds.

16. The pacemaker of claim 1 wherein the first set of welds are deep-penetration

seam welds and the second set of welds are laser bead welds.



17. An implantable medical device, comprising:

a battery disposed in a battery housing, the battery housing comprising an external

surface of the implantable medical device;

a set of electronics disposed in an electronics housing and electrically coupled to the

battery, the set of electronics configured to control operation of the implantable medical device;

a first set of welds configured to hermetically seal the battery from the set of electronics;

and

a second set of welds configured to hermetically seal the set of electronics and the battery

from an exterior of the implantable medical device.

18. The device of claim 17 wherein the first and second sets of welds provide dual-

weld redundancy.

1 . The device of claim 17 wherein the battery housing is not surrounded by or

enclosed in a separate housing.

20. The device of claim 17 wherein the first set of welds is disposed on an interior of

the device and the second set of welds is disposed on the exterior of the device.

21. The device of claim 17 wherein the battery housing and electronics housing

combine to form a cylindrical housing of the device.

22. The device of claim 17, wherein the battery housing further comprises a

cylindrical housing and a lid welded to a distal portion of the battery housing with the first set of

welds to hermetically seal the battery housing.

23. The device of claim 17, wherein the battery housing further comprises a

cylindrical housing and a first lid welded to a distal portion of the battery housing with the first

set of welds to hermetically seal the distal portion of the battery housing, and a second lid

welded to a proximal portion of the battery housing with a third set of welds to hermetically seal

the proximal portion of the battery housing.

24. The device of claim 23 further comprising a cap surrounding the second lid and

welded to the battery housing with a fourth set of welds to provide dual-weld redundancy for the

proximal end of the housing.



25. The device of claim 17, the battery housing further comprising a lip positioned

near a distal end of the battery housing, the lip extending inwards and then distally from the

external surface of the battery housing.

26. The device of claim 17, the battery housing further comprising an indentation

positioned near a distal end of the battery housing, the indentation extending inwards from the

external surface of the battery housing.

27. The device of claim 17, the battery housing further comprising a first lip

positioned near a distal end of the battery housing and a second lip positioned near a proximal

end of the batter housing, the first lip extending inwards and distally from an external surface of

the battery housing and the second lip extending inwards and proximally from the external

surface of the housing.

28. The device of claim 17, the battery housing further comprising a first indentation

positioned near a distal end of the battery housing and a second indentation positioned near a

proximal end of the battery housing, the first and second indentations extending inwards from

the external surface of the housing.

29. The device of claim 17 wherein the first and second sets of welds are laser bead

welds.

30. The device of claim 17 wherein the first and second sets of welds are deep-

penetration seam welds.

31. The device of claim 17 wherein the first set of welds are deep-penetration seam

welds and the second set of welds are laser bead welds.
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